Objective: Despite vast improvement in the field of vascular surgery, elective abdominal aortic aneurysm (AAA) repair still leads to perioperative death. Patients with asymptomatic AAAs, therefore, would benefit from an individual risk assessment to help with decisions regarding operative intervention. The purpose of this study was to describe such a 30-day postoperative (POD) risk prediction model using American College of Surgeons National Surgical Quality Improvement Project (NSQIP) data.
Elderly patients are often confronted with the diagnosis of abdominal aortic aneurysms (AAAs) while undergoing imaging studies for unrelated reasons, 1 and this scenario typically leads to patients being confronted with the prospect of a major vascular operation despite lack of symptoms related to the AAA. Current literature supports elective repair for AAA diameter exceeding 5.5 cm, and despite numerous advances in the field of vascular surgery this operation carries a 1%-5% perioperative mortality rate. 2 In multiple publications, it has been established that demographic factors, comorbidities, and intraoperative details significantly affect mortality rates after elective AAA repair. Other factors that show an association with mortality after AAA repair include hospital volume, 3 and surgeon specialty and volume. 4 These latter factors have prompted calls for regionalization of AAA repair. 5 Understanding one's individual risk for perioperative mortality is important to most patients, particularly upon discovery of an asymptomatic AAA. Risk predictive models can help patients understand such risks and guide both patient and surgeon in clinical decisionmaking. They also allow for risk-adjusted comparison of outcomes amongst surgeons and hospitals. A number of established risk predictive models for elective and symptomatic AAA repair have been developed. [6] [7] [8] [9] Grant et al recently evaluated these established models on the United Kingdom National Vascular Database 10 and noted that both the Medicare 6 and Vascular Governance Northwest (VGNW) models 8 performed well. In the United States, a number of quality initiatives have created web-based cardiac risk index calculation instruments that both patients and practitioners can use to calculate cardiac risk after vascular procedures.
We recently published a robust risk predictive model of in-hospital mortality after elective AAA repair using a vascular quality initiative database (Vascular Study Group of New England [VSGNE] ) that performed better than other established models. 11 The purpose of this study was to develop a risk predictive model of perioperative 30-day mortality after elective AAA repair using the very large American College of Surgeons National Surgical Improvement Project (ACS-NSQIP, henceforth NSQIP) database.
METHODS
The NSQIP database was queried. This quality improvement database that is risk-adjusted and includes information about both index admission and subsequent 30-day postoperative follow-up after the index operation. These risk adjustments are performed for the hospitals. Currently, over 500 hospitals in the United States participate in NSQIP, including university centers and private hospitals. 12 These institutions select for analysis a random set of surgical cases, including those from general, vascular, plastic, and cardiac surgery. Cases are gathered on an 8-day cycle, trained staff abstract 135 pre-, intra-, and postoperative measures directly from the medical record and enter them as de-identified data in the database. 13 The Institutional Review Board of Boston University School of Medicine has approved the use of de-identified data for this study and as such no informed consent was required.
Cohort. Analyses were performed on all patients who underwent elective AAA repair in NSQIP database from 2005 to 2011. We identified these cases by linking the International Classification of Diseases, Ninth Revision (ICD-9) codes for diagnosis of nonruptured AAA (ICD-9 code 441.4) with current procedural terminology procedural codes; open AAA repair (OAR) 35,081 and 35,102 and endovascular AAA repair (EVAR) 34,800, 34,802-5.
Demographic data, perioperative comorbidities, and specific intraoperative details were evaluated. Patients who had a nonelective admission for AAA repair or were missing information for age, sex, discharge status (dead, discharged to home, or discharged to rehabilitation facility) or procedure type were excluded. We also excluded patients who had secondary procedures. Any missing data was treated as missing completely at random and not included in the analyses, and no data imputation was considered. Descriptive analyses were performed on the entire cohort, identifying mortality risk factors. These factors were compared between the two operative groups using Student t-test (continuous variables) and c
test (categorical variables).
Model creation and internal validation. The NSQIP database tracks outcomes including in-hospital, 30-day postoperative mortality and adverse events. The primary outcome of interest was 30-day postprocedural mortality (POD). To create a risk predictive model of mortality, we included clinical variables of interest (variables that were of clinical significance or had an association with mortality in univariate analyses), in a full predictive model using multivariable logistic regression (Fig 1) . Backward elimination procedure with alpha level of 0.2 was used to create a more parsimonious model of variables that independently predict POD.
14 Of note, to reduce the issues of including overlapping covariates, we ran the model with or without the American Society of Anesthesia (ASA) classification because the ASA classification includes a multitude of covariates.
Calibration was tested using Hosmer and Lemeshow c 2 test statistics while discrimination was assessed using the area under the curve (AUC) statistic. 15 The NSQIP model was internally validated using bootstrap method as proposed by Efron 16 to calculate bootstrap adjusted AUC for NSQIP model. The prediction strength of the model was further investigated by computing risk scores for each patient using beta weights from final regression model and then recorded these scores into quintiles and then examined the association of quintiles with observed POD. This was to evaluate if the model could predict the mortality across different risk categories. To simplify the use of the risk algorithm in clinical practice, a simple scoring scheme was developed based on the final logistic regression model using the method described by Sullivan et al. 17 The point system proposed by Sullivan et al 17 is a mean to simplify the calculation of this score.
In brief, the simplification is achieved by assigning integer points to each level of risk factors and based on the beta weights. 17 The discriminatory ability of NSQIP was tested across different risk quintiles. Statistical computations were performed using SAS v 9.3 software (SAS Institute Inc, Cary, NC).
RESULTS
Descriptive analyses. We identified 18,917 elective AAA repair cases in the NSQIP database. The majority of the operations were performed using EVAR (24.5% vs 75.5%) with a significant increase in the utilization of EVAR from 64.6% in 2005 to 80.4% in 2013 (test of trend P < 001). Vascular surgeons performed majority of these procedures (96.9% vs 3.1% all other, P < .001). We identified 219 patients who died in-hospital but the analyses were performed on 315 patients who died within 30 days postoperatively (POD). The POD rate for the EVAR group was significantly lower than for the OAR group (1.2% vs 3.1%; P < .001). 12-3.47; P < .001). In this model, presence of chronic obstructive pulmonary disease (OR, 1.44; 95% CI, 1.10-1.90; P ¼ .008) and history of myocardial disease (OR, 1.36; 95% CI, 1.06-1.74; P ¼ .017) were significantly associated with increased mortality. Elevated creatinine also significantly increased the risk of mortality (Fig 2) . End-stage renal disease (ESRD) was associated with POD in a univariate fashion, but this variable was not included in the final model. Age and sex also affected mortality; patients 70 years of age and older had significantly higher odds of death compared with those under 70 (OR, 2.24, 95% CI, 1.66-3.03; P < .001) and women had increased odds of mortality compared with men (OR 1.46, 95% CI, 1.11-1.92; P ¼ .007). Functionally dependent patients had more than twice odds of mortality after elective AAA repair than functionally independent patients (OR, 2.29; 95% CI, 1.44-3.64; P < .001). It was noted that weight loss, defined by ACS-NSQIP as ">10% loss of body weight in the last six months", 13 was highly predictive of mortality after elective AAA repair (Fig 2) . Within the constraints of our model design, and including variables with the P value of less than 0.2, the model showed very good discriminative ability with the AUC of the receiver operating characteristic curve of 0.749. As noted, we removed ASA from the model to deal with overlapping variables, but this did not affect the prediction strength of the model; model without ASA had a AUC of 0.745. As ASA classification was independently highly predictive of POD, therefore, it was included in the final model. Internal validation by bootstrapping 1000 samples estimated the optimism of discrimination at 0.015 giving the corrected C statistics of 0.734 suggesting very good predictive capability (Fig 3) . Hosmer and Lemeshow goodness of fit showed good correspondence of predicted and expected mortality (P ¼ .796). Dividing the sample according to risk categories based on quintiles of predicted probability of POD estimated by this model, the NSQIP model predicted POD very well and close to the observed POD (Fig 4) .
NSQIP risk predictor score. Table II Table III. (The methodology of this is described in detail by Sullivan et al 17 as noted in the Methods section). The point system is then used to predict the risk of mortality for total number of points ranging between 0 and 35. In reality, the highest achievable score for the patients in this sample was 21 (Appendix, online only). This table can be used to assign a single probability of mortality to a patients based on the risk score they achieve. In the example depicted in Fig 5, for a patient who is a 74-year-old male with creatinine of 1.8 and peripheral disease with recent weight loss who is to undergo OAR, the point system translates a point risk score of 16, which predicts a 7.6% risk of mortality close to the value calculated in the example in Fig 5. It should be noted that the mean observed mortality in EVAR patients is 1.2% corresponding to 7 risk points in this model, and mean observed mortality for OAR patients is 3.1 % corresponding to 12 points in the point scoring system (Appendix, online only).
DISCUSSION
In the NSQIP dataset, our study showed an overall 30-day postoperative (POD) patient mortality rate of 1.7%, and this was significantly higher in the OAR group (3.1% vs 1.2%; P < .001). We identified major factors that affect POD after elective AAA repair, which in order of significance include OAR, recent weight loss, moribund or life-threatening ASA classification, age above 70 years, functional dependency, creatinine above 2 mg/dL, hematocrit less than 30, creatinine between 1.5 and 2 mg/dL, history of chronic obstructive pulmonary disease, history of myocardial disease, female sex, and history of peripheral vascular disease. The NSQIP model fit the data well (Hosmer and Lemeshow P value ¼ .796) and had reasonable discrimination power (corrected area under curve of 0.736). Lastly, the risk score created can be used to easily calculate individual patient risk based on the operative plan and preoperative demographic and risk factors. During discussion with patients who are offered elective AAA repair, we often rely on large studies to describe the risk of procedural mortality. These "mortality rates" can often be difficult to translate to an individual patient's risk of mortality. Employing a risk predictive model can better inform patients of their individual risk of mortality and may be a useful tool in obtaining informed consent for the procedure. In addition, as outcomes after AAA repair become more often used as indicators of inpatient quality measures, 18 such risk scores and models may allow for appropriate hospitals and surgeon outcome comparisons. These elements are the reasons that a robust parsimonious model is indicated in predicting mortality after elective AAA repair. In addition to the two described established models compared here, there are four other models that have been used for predicting mortality after AAA repair. 8, [19] [20] [21] We recently published an article describing a much simpler model of in-hospital mortality with a robust predictive ability using the VSGNE database. Table IV is created to summarize the variables that are present in these models. It is important that the outcome of interest (in-hospital mortality or 30-day perioperative mortality) is different in these models. All the contemporary models include the importance of the choice of open surgery as an important risk factor for elective surgery (Table IV) . 6, 8, 11, 19 NSQIP model similar to the other models suggest that the choice of operation (EVAR vs OAR) plays a significant part in predicting operative mortality after elective AAA repair. In the VSGNE model, which we recently developed, OAR group could be stratified further based on the proposed location of aortic clamp. 11 In the NSQIP model, this is not possible as the location of aortic clamp is only recently added to the ACS-NSQIP aortic modules.
Other commonalities between previous published models and NSQIP model are importance of advanced age, female sex, and kidney dysfunction 6, 8, 11, 19 (Table IV) .
Similar to these models, 6, 8, 11, 19 our model indicates that renal function significantly affects mortality after elective AAA repair. The Medicare model uses the diagnosis of ESRD and chronic kidney disease as two separate risk factors. 6 In our model, although both variables renal disease and ESRD in the NSQIP database were associated with POD (Table I) , these variables did not stay in the parsimonious model. But the creatinine levels, very similar to our VSGNE model, 11 were highly predictive of POD. Our model differs from the VGNW 8 and BAR 19 models, which use continuous blood creatinine levels. We suggest here as in the development of the VSGNE model that categorical variables are easier to use. In our parsimonious model, we noted that the highest category of creatinine corresponded to a 2.16 times higher odds of mortality than patients with normal blood creatinine adjusting for all the confounders. A quick review of Table IV can help identify other common factors, as well as factors present in one model but absent in others. In our model, perioperative hematocrit played a significant rule in predicting mortality. In both Vascular Physiologic and Operative Severity Score for enumeration of Mortality (V-Possum) 21 and Vascular Biochemistry and Hematology Outcome Model (VBHOM), 20 hemoglobin plays a role in predicting mortality. Another important new component of this model is functional dependency and weight loss. Although V-POSSUM uses a physiologic score 21 functional dependency is uniquely a function of this NSQIP model. In surgical literature, there is a significant emphasis on frailty as a predictor of adverse outcomes. Functional dependency is also an important component of the frailty index developed by Rockwood et al. 23 In a recent publication by Arya et al, 24 using a modified frailty index that includes functional dependence, the authors that frailty index is highly predictive of mortality. NSQIP model has 11 categories and in each category, integers can be added in a dichotomous manner to arrive at an integer that is then translated into an actual predicted mortality percentage or a risk. As such, this model is similar to our recently developed VSGNE model 11 and allow for an easy calculation of the risk.
Both VGNW 8 and BAR 19 include continuous variables that make calculations somewhat cumbersome. The
Medicare model is also slightly more cumbersome since age is categorized into three groups, and categories do not need to be added and are mainly dichotomous. 6 In addition, because the NSQIP model, similar to our recently developed VSGNE model, 11 uses actual blood creatinine levels instead of "ESRD" or "chronic renal disease," it allows for a more granular calculation of risk than Medicare model. 6 The VSGNE model 11 is a far simpler model to use, but the VSGNE model is appropriate to use to predict in-hospital mortality. The importance of the NSQIP model is that it uses a commonly used database and variables that are collected by this database. This model, therefore, allows for a very robust 30-day mortality prediction using only preoperative factors that are commonly recorded. In addition, because the variables are currently located in the ACS-NSQIP database, we suggest that this model can be used with a help of an computer app to easily risk stratify the patients perioperatively and patient with higher risk index undergo elective repair in more vigilant fashion.
There are limitations to this analysis and model. This model lacks prediction beyond perioperative (30-days after repair) of the index admission. The second limitation is that our model was only internally validated. We are in the process of externally validating this model in other databases. A third limitation is related to the AAA cases in this database. These cases included both infrarenal, as well as juxtarenal AAA cases, and it is difficult to discriminate between the two groups using methodology noted here (same ICD-9 codes and current procedural terminology codes for infrarenal vs juxtarenal AAA). Furthermore, because juxtarenal open AAA repair carries a higher mortality rate than infrarenal AAA repair, this may affect the model and introduce a systemic bias. A fourth limitation is lack of certain important perioperative variables, such as AAA diameter, which was found to highly predictive of mortality in the VSGNE 11 and the BAR 19 models. Use of targeted NSQIP database may address these limitations. An appropriate criticism of this model is use of age in a binomial fashion instead of more categories. Our model put the risk of mortality for all patients above age 70 years in one group and does not account that very old (>80 years) maybe at higher risk than those in their seventies. We used the age categories following the example of our VSGNE model, and our aim was to simplify use of this model and our observation that was significant association between age $70 years was significantly associated with POD. Last limitation of this database that affects the model is lack of information about the individual surgeon's experience and volume. Because numerous publications have noted the importance of both surgeon and institutional operative volume, the inability to include these variables in our model is a significant limitation of this study. Supplementary Fig (online only) . Distribution of risk points in the National Surgical Quality Improvement Project (NSQIP) abdominal aortic aneurysm (AAA) sample.
